Objective To compare health behaviours during pregnancy (smoking and alcohol consumption) and after birth (initiation and duration of breast feeding) between British/Irish white mothers and mothers from ethnic minority groups; and, in mothers from ethnic minority groups, to examine whether indicators of acculturation (generational status, language spoken at home, length of residency in the United Kingdom) were associated with these health behaviours. Design Prospective nationally representative cohort study. Setting England. Participants 6478 British/Irish white mothers and 2110 mothers from ethnic minority groups. Main outcome measures Any smoking during pregnancy; any alcohol consumption during pregnancy; initiation of breast feeding; breast feeding for at least four months. Results Compared with British/Irish white mothers, mothers from ethnic minority groups were less likely to smoke (15% v 37%) or consume alcohol (14% v 37%) during pregnancy but more likely to initiate breast feeding (86% v 69%) and breast feed for at least four months (40% v 27%). Among mothers from ethnic minority groups, first and second generation mothers were more likely to smoke during pregnancy (odds ratio 3.85, 95% confidence interval 2.50 to 5.93, and 4.70, 2.49 to 8.90, respectively), less likely to initiate breast feeding (0.92, 0.88 to 0.97, and 0.86, 0.75 to 0.99), and less likely to breast feed for at least four months (0.72, 0.62 to 0.83, and 0.52, 0.30 to 0.89) than immigrants, after adjustment for sociodemographic characteristics. There were no consistent differences in alcohol consumption. Among immigrants, for every additional five years spent in the UK the likelihood of mothers smoking during pregnancy increased by 31% (4% to 66%) and they were 5% (0% to 10%) less likely to breast feed for at least four months. Conclusions After immigration, maternal health behaviours worsen with length of residency in the UK. Health professionals should not underestimate women's likelihood of engaging in risky health behaviours because of their ethnicity.
INTRODUCTION
The adverse effects of smoking 1 2 and alcohol consumption 3 during pregnancy and the beneficial effects of breast feeding 4 on maternal and child health are well known. Many women from resource-rich c o u n t r i e s , h o w e v e r , d o n o t a d h e r e t o recommendations, 1 5-10 including those to reduce smoking 11 12 and stop drinking 13 during pregnancy and breast feed exclusively for six months. 14 Research from the United States has shown that maternal health behaviours vary by country of birth and length of residency, two indicators of acculturation. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Acculturation is the adoption of health behaviours from the new dominant culture and loss of health behaviours from the original culture. 25 26 In the US, acculturation has been associated with an increase in smoking [15] [16] [17] [18] and alcohol consumption [15] [16] [17] during pregnancy as well as a reduction in initiation [19] [20] [21] [22] [23] [24] and duration 19 23 24 of breast feeding.
Over the past 50 years immigration into the United Kingdom has increased, primarily from South Asia, the Caribbean, Europe, and Africa. 27 In 2001-2, 7.6% of the population was from an ethnic minority group, an increase of 44% over the previous decade. 28 Women from ethnic minority groups are less likely to smoke or consume alcohol than the general population in England 29 and more likely to initiate and continue breast feeding than white mothers. 7 We compared health behaviours during pregnancy (smoking and alcohol consumption) and after birth (initiation and duration of breast feeding) between British/Irish white mothers and mothers from ethnic minority groups in a nationally representative, contemporary cohort of mothers in England. We also examined how indicators of acculturation (measured by generational status, language spoken at home, length of residency in the UK) were associated with these health behaviours.
METHODS

Participants
The millennium cohort study is a prospective study of children born in the UK in the new century. We used a stratified clustered sampling framework to overrepresent children from ethnic minority groups and disadvantaged areas. In England, electoral wards (as established in 1998) were categorised as "ethnic" (based on the 1991 census, if at least 30% of residents were from an ethnic minority group) and the remainder as "disadvantaged" (the upper quarter of the child poverty index) or "advantaged" (all remaining wards). In Wales, Scotland, and Northern Ireland there was no "ethnic" stratum. 30 Families were invited to participate if they were eligible for child benefit and resident in the UK when their child was aged 9 months. The original cohort comprised 18 819 children (18 553 families) born between September 2000 and January 2002 (72% response). 30 About 80% (14 630) participated in the second contact, in September 2003 to January 2005, when the children were aged 3 years. 31 At both contacts, information was collected through interviews of main respondents in the home. Translators were available. 32 We focused on families in England because numbers were insufficient to analyse by ethnic group in Wales, Scotland, or Northern Ireland. Among the 11 695 mothers with singleton children at the first contact, 79% (9184) participated in the second. Families from "ethnic" and "disadvantaged" electoral wards were less likely to participate in the second contact, 31 but non-response weights are available and were used to allow for differential attrition. Data were accessed through the UK Data Archive, University of Essex.
Among the 9184 mothers with singleton children in England at both contacts, we included 8588 in the analyses. We excluded families if information was missing on the main respondent's ethnicity (46) , the main respondent was not female (139) or a natural mother (53) , there were two cohort children from the same family (8) , or the main respondent had missing information on her generational status (370), language spoken at home (0), length of residency in the UK (193), initiation of breast feeding (15) , duration of breast feeding (15) , smoking during pregnancy (41) , or alcohol consumption during pregnancy (16) . Some families satisfied more than one exclusion criterion.
At the first contact, mothers reported their own ethnicity (out of 16 possible choices), which was classified according to guidelines from the Office for National Statistics. 33 White women were categorised as either from any UK country or the Republic of Ireland (referred to as "British/Irish") or from any other country (referred to as "other white"). 5 To increase sample size we collapsed ethnic groups into British/ Irish white, Pakistani or Bangladeshi, black (black African, black Caribbean, other black), Indian, other white (such as white European, North American), other (such as Sri Lankan, Arab), or mixed.
Sociodemographic characteristics were based on maternal self report at the first contact. Maternal socioeconomic circumstances were categorised according to the National Statistics socioeconomic classification, 34 maternal education was defined as the highest academic qualification attained, and single motherhood status was defined as being a single mother when the child was aged 9 months. Mothers also reported whether the cohort child was their first live birth (parity), and their age at the birth of the cohort child. We included family income at the first contact; if it was missing we substituted values from the second contact (483).
Outcome measures
Smoking and alcohol consumption during pregnancy-At the first contact, mothers were asked about their smoking and drinking habits during pregnancy. Mothers reported their smoking habits before pregnancy and were asked whether they changed during pregnancy. Mothers were classified as having smoked if they reported smoking any number of cigarettes during pregnancy. Mothers also reported how often they drank alcoholduring pregnancy, ranging from never to every day. Mothers were classified as having consumed alcohol if they reported consuming any amount of alcohol during pregnancy. At the time when the mothers were pregnant, government recommendations were that pregnant women should drink no more than one or two units of alcohol once or twice a week and avoid intoxication. 35 Initiation and duration of breast feeding-At the first contact, mothers were asked about their infant feeding practices. Initiation of breast feeding was defined as the baby having received any breast milk. Duration was categorised as being either fully or partially breast fed for at least four calendar months (≥17.4 weeks) or less than four months. 5 At the time of the cohort births, the World Health Organization recommended that babies were breast fed for at least four months. 36 Indicators of acculturation Generational status-At the second contact, main respondents reported whether they, their mother, and their father were born in the UK or Republic of Ireland and, if not, their country of birth. Mothers were classified as immigrants (neither they nor either parent were born in the UK or Republic of Ireland), first generation (they were born in the UK or Republic of Ireland, but at least one parent was born outside the UK or Republic of Ireland), or second generation (both they and their parents were born in the UK or Republic of Ireland).
Language spoken at home-At the first contact, main respondents reported whether the language usually spoken at home was English, English and another language, or another language only.
Length of residency in the UK-At the second contact, main respondents who were not born in the UK or Republic of Ireland were asked the year when they arrived in the UK. This was subtracted from the year of the interview at the first contact to give the length of residency.
Statistical analyses
All analyses were conducted with STATA statistical software, version 9.2 SE (Stata Corporation, TX), with survey commands to account for the clustered sampling framework and obtain robust standard errors. We derived weighted percentages and conducted analyses using survey and non-response weights to allow for the clustered sampling and attrition between contacts. Proportions were compared with Pearson's χ 2 tests with the Rao and Scott second order correction. 37 We included British/Irish white mothers to provide baseline characteristics of the majority ethnic group in England. Health behaviours during pregnancy (smoking and alcohol consumption) and after birth (initiation and duration of breast feeding) were compared by maternal ethnic group.
Adjusted regression analyses were conducted to examine the relations between mothers' ethnicity (British/Irish white mothers versus all mothers from ethnic minority groups) and health behaviours during pregnancy and after birth. We adjusted analyses for socioeconomic circumstances, family income, highest academic qualification, single motherhood, age at cohort birth, and parity. Subsequent analyses focused on mothers from ethnic minority groups, who were combined, as our hypothesis was related to acculturation in general regardless of country of origin. We conducted univariable regression analyses to examine the relations between indicators of acculturation (measured by mothers' generational status, language spoken at home) and health behaviours during pregnancy and after birth. Logistic regression analyses were conducted to calculate odds ratios for smoking and alcohol consumption during pregnancy by both indicators of acculturation. As odds ratios often overestimate the relative risk when an outcome is relatively common, 38 we used modified Poisson regression 39 to calculate rate ratios for initiation and duration of breast feeding by both indicators of acculturation. We subsequently adjusted analyses for the sociodemographic characteristics already listed. As acculturation might vary according to ethnicity, we also adjusted for maternal ethnic group. Analyses were repeated for immigrants only to examine the relation between length of residency in the UK and health behaviours during pregnancy and after birth. Table 1 presents indicators of acculturation for mothers from ethnic minority groups and health behaviours during pregnancy and after birth for British/Irish white mothers and mothers from ethnic minority groups. Indicators of acculturation and health behaviours varied by maternal ethnic group. Compared with British/Irish white mothers, mothers from ethnic minority groups were less likely to smoke or drink alcohol during pregnancy but more likely to start breast feeding or breast feed for at least four months. These differences persisted after adjustment for sociodemographic characteristics. Mothers from ethnic minority groups were less likely to smoke (odds ratio (baseline British/Irish white mothers) 0.27, 95% confidence interval 0.21 to 0.35) or drink alcohol (0.34, 0.28 to 0.42) during pregnancy but more likely to start breast feeding (rate ratio 1.35, 1.30 to 1.40) or breast feed for at least four months (1.71, 1.54 to 1.88).
RESULTS
A comparison between mothers' generational status and language spoken at home showed similarities between the two measures. Among immigrants, 18% spoke only English, 58% spoke English and another language, and 24% spoke only another language; among second generation mothers, these values were 88%, 12%, and 0%, respectively.
In general, British/Irish white mothers and first and second generation mothers had more advantaged sociodemographic profiles than immigrants (table 2) . Family income levels, however, were similar between immigrants and first and second generation mothers, while British/Irish white mothers had higher income levels. The prevalence of single motherhood was similar between immigrants and British/Irish white mothers but higher for first and second generation mothers. Breast fed for at least 4 months † 1716 (27) 779 (40) 209 (26) 190 (50) 142 (41) 97 (47) 104 (56) 37 (38) *Weighted percentage. †P<0.001 for difference between British/Irish white mothers and mothers from all ethnic minority groups.
RESEARCH
We examined relations between the indicators of acculturation and maternal health behaviours among mothers from ethnic minority groups (table 3) . First and second generation mothers were more likely to smoke during pregnancy than immigrants, and there was a gradient by generation (P<0.001 for trend). Mothers who spoke only English at home were more likely to smoke during pregnancy than mothers who spoke only another language. Both relations were maintained after adjustment for sociodemographic characteristics. In unadjusted analyses, first and second generation mothers were more likely to drink alcohol during pregnancy than immigrants. Mothers who spoke English and another language at home and only English at home were more likely to drink alcohol than mothers who spoke only another language. After adjustment, risk of alcohol consumption during pregnancy was still significantly increased for mothers who spoke only English at home but was attenuated considerably.
In unadjusted analyses there were no differences in initiation or duration of breast feeding by the indicators of acculturation, except that first and second generation mothers were less likely to breast feed for at least four months than immigrants. After adjustment for sociodemographic factors, however, first and second generation mothers were less likely to start breast feeding than immigrants and the relation between generational status and duration of breast feeding strengthened. Gradients were evident by generational status (P<0.001 for trend in adjusted analyses). Mothers who spoke only English at home were less likely to start or continue breast feeding than mothers who spoke only another language.
Immigrants had lived in the UK for a median of nine years (interquartile range 4-15). Among immigrants, maternal health behaviours varied by length of residency in the UK (table 4). After adjustment for sociodemographic factors, for every additional five years in the UK mothers were 31% more likely to smoke during pregnancy and 5% less likely to breast feed for at least four months. There was no association between length of residency and alcohol consumption or initiation of breast feeding.
DISCUSSION
Among a contemporary cohort in England, 63% of mothers from ethnic minority groups were immigrants and 33% were first generation (that is, born in the UK or Republic of Ireland but with at least one parent born in another country). Compared with British/Irish white mothers, mothers from ethnic minority groups were less likely to smoke or drink alcohol during pregnancy and more likely to initiate breast feeding and breast feed for at least four months. Among mothers from ethnic minority groups, first and second generation mothers were more likely to smoke during pregnancy than immigrants, but less likely to start breast feeding or breast feed for at least four months. The relations with smoking during pregnancy and duration of breast feeding were evident before and after adjustment for sociodemographic characteristics. First and second generation mothers were also more likely to consume alcohol during pregnancy, but associations were apparent only in unadjusted analyses. There were fewer consistent patterns when we used language spoken at home as an indicator of acculturation. Immigrants who had lived in the UK for longer were more likely to smoke during pregnancy and less likely to breast feed for at least four months than those who had arrived more recently.
Strengths and limitations
The breadth of information collected on families in the millennium cohort study provided an opportunity to investigate whether indicators of acculturation were related to maternal health behaviours. Because of small numbers we had to combine some ethnic minority groups when making statistical adjustment. These combined groups might be heterogeneous with respect to maternal characteristics related to acculturation or health behaviours and so our findings might not be generalisable to mothers from all ethnic minority Managerial/professional occupations 174 (18) 176 (30) 2020 (32) Small employers/own account workers 29 (3) 28 (5) 275 (5) Intermediate occupations 122 (10) 146 (19) 1232 (20) Lower supervisory/ technical occupations 42 (3) 28 (4) 362 (5) Semi-routine/routine occupations 365 (27) 251 (32) 2270 (35) Never worked/long term unemployed 624 (39) 93 (11) 253 (4) Missing 18 14 66 Family income/year (£):
0-11 000 448 (34) 297 (36) 1256 (19) 11 000-22 000 461 (35) 214 (29) 2045 (31) 22 000-33 000 173 (14) 98 (16) 1535 (24) ≥33 000 165 (18) 104 (19) 1556 (25) Missing 127 23 86 Highest academic qualification in mother:
GCSE † grades A-C or higher 740 (60) 504 (72) 4838 (75) GCSE † grades D-G or lower 632 (40) 229 (28) 1633 (25 groups in England. Future cohort studies should ensure adequate samples of mothers from ethnic minority groups through over-representation during recruitment as well as investment of resources to reduce attrition and to allow analysis by ethnic group. Main respondents were interviewed and provided detailed information on sociodemographic characteristics, health behaviours during pregnancy, and infant feeding practices. Although self reported information on breast feeding has been found to be reliable and valid, 40 smoking and alcohol consumption during pregnancy might be under-reported. [41] [42] [43] Objective measures provide more accurate assessment but are not feasible in large scale surveys. If under-reporting occurred, we have probably underestimated the size of the relations between the indicators of acculturation and alcohol use and smoking during pregnancy. At the time when the cohort mothers were pregnant, women were advised to drink no more than one or two units of alcohol a week. 35 We were not able to examine compliance with this recommendation because only a limited number of women from ethnic minority groups reported drinking any alcohol during pregnancy. Our definition of alcohol use, however, is consistent with current recommendations. 13 44 The cohort study was not designed to assess acculturation, so we used generational status, language spoken at home, and length of residency as indicators. Though validated questionnaires are available to assess acculturation, 25 26 country of birth, 15-17 19 20 22 23 language, 21 and length of residency 18 23 24 have been used in research from the US. These measures are likely to be easier for large scale studies and for health professionals to use and interpret than specific questionnaires.
Comparison with literature Our findings agree with those of previous studies in the US, which have reported that mothers with greater acculturation are more likely to smoke [15] [16] [17] [18] and drink alcohol [15] [16] [17] during pregnancy and less likely to start [19] [20] [21] [22] [23] [24] or continue 19 23 24 breast feeding. Similar to a study in the US, we found that an association between generational status and alcohol consumption during pregnancy was no longer evident after we adjusted for sociodemographic characteristics. 16 We did, however, find that mothers who spoke only English were more likely to drink alcohol during pregnancy than mothers who spoke only another language, before and after adjustment. In the UK, ethnic differences in alcohol consumption are likely to be because of cultural or religious beliefs. 45 Some of these relations have been examined in a cohort of Pacific Island infants in New Zealand. Mothers were more likely to smoke during pregnancy 46 and less likely to breast feed exclusively 47 with a longer residency in New Zealand, which the authors noted could be a result of "exposure to Westernisation." 46 Research on acculturation has public health implications for other countries with large immigrant populations. It will be important to determine whether our results and the US findings can be replicated in other countries.
Implications for practice and policy Health professionals should not underestimate the likelihood of women engaging in risky health behaviours because of their ethnicity. Little is known about how "western" cultures can affect changes in health behaviours among women who have recently migrated. Although antenatal care is associated with healthy behaviour during pregnancy and after birth, 16 23 use of health services does not seem to be responsible for differences by generational status. In the millennium cohort study, only 3% of mothers from England received no antenatal care, but this ranged from 2% of British/Irish white mothers to 4% of first and second generation mothers to 10% of immigrants (P<0.001; data not shown). We found that mothers' engagement in beneficial health behaviours decreased with length of residency in the UK. As families settle in the UK, it will be important to support the maintenance of healthy behaviours among women, their daughters, and future generations. Intention to breast feed also varies with acculturation, suggesting the need for interventions before or early in pregnancy. 48 National policies should promote beneficial health behaviours among all mothers. Recommendations have been modified since the cohort children were born. Mothers in England are now recommended to avoid all alcohol during pregnancy 44 and breast feed exclusively for at least six months, 14 which is consistent with polices in other resource-rich countries. The UK government also has a target to reduce smoking during pregnancy. 11 In England, public smoking restrictions were introduced in July 2007. 49 Reductions in smoking have been reported in other countries and cities with a ban. 50 Policies to protect breast feeding in public have been established in Scotland 51 and some states in the US, 52 and legislation has been proposed in England. 53 Evaluation of how such policies influence maternal health behaviours, however, has been limited, including by ethnic group or acculturation. Policy evaluation will be critical to ensure that all mothers can achieve recommendations to foster their own and their children's health.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
The United Kingdom has experienced an increase in immigration over the past 50 years
Compared with British/Irish white women, women from ethnic minority groups are more likely to breast feed, but there is no information on their use of alcohol or tobacco during pregnancy or whether their health behaviours change with acculturation
WHAT THIS STUDY ADDS
Mothers from ethnic minority groups are less likely overall to use tobacco and alcohol during pregnancy than British/Irish white mothers Maternal health behaviours worsen (smoking during pregnancy and lack of breast feeding) with length of residency in the UK, an indicator of acculturation Health professionals should not underestimate women's likelihood of engaging in risky health behaviours because of their ethnicity
